Purification and properties of ornithine carbamoyl transferase from liver of Squalus acanthias.
Citrulline synthesis from ammonia by hepatic mitochondria in elasmobranchs involves intermediate formation of glutamine as the result of the presence of high levels of glutamine synthetase and a unique glutamine- and N-acetyl-glutamate-dependent carbamoyl phosphate synthetase, both of which have properties unique to the function of glutamine-dependent synthesis of urea, which is retained in the tissues of elasmobranchs at high concentrations for the purpose of osmoregulation [P.M. Anderson and C.A. Casey (1984) J. Biol. Chem. 259, 456-462; R.A. Shankar and P.M. Anderson (1985) Arch. Biochem. Biophys. 239, 248-259]. The objective of this study was to determine if ornithine carbamoyl transferase, which catalyzes the last step of mitochondrial citrulline synthesis and which has not been previously isolated from any species of fish, also has properties uniquely related to this function. Ornithine carbamoyl transferase was highly purified from isolated liver mitochondria of Squalus acanthias, a representative elasmobranch. The purified enzyme is a trimer with a subunit molecular weight of 38,000 and a native molecular weight of about 114,000. The effect of pH is significantly influenced by ornithine concentration; optimal activity is at pH 7.8 when ornithine is saturating. The apparent Km values for ornithine and carbamoyl phosphate at pH 7.8 are 0.71 and 0.05 mM, respectively. Ornithine displays considerable substrate inhibition above pH 7.8. The activity is not significantly affected by physiological concentrations of the osmolyte urea or trimethylamine-N-oxide or by a number of other metabolites. The results of kinetic studies are consistent with a steady-state ordered addition of substrates (carbamoyl phosphate binding first) and rapid equilibrium random release of products. Except for an unusually low specific activity, the properties of the purified elasmobranch enzyme are similar to the properties of ornithine carbamoyl transferase from mammalian ureotelic and other species and do not appear to be unique to its role in glutamine-dependent synthesis of urea for the purpose of osmoregulation.